Abstract: Filter and antenna are the most important components in transmission and receiving signal in wireless communication system. The combination of a filter and antenna is call as filtenna. In this paper, a metamaterial band-stop filter is combine with a multiband antenna to produce a dual-band metamaterial filtenna. The purpose of combining both in one structure is to have a compact size and to reduce the transmission line losses. In addition, by implementing the metamaterial structure in the filter design, it can help to increase the overall filtenna performances. All the designs is simulated using CST Microwave Studio software. The performances of the dual-band metamaterial filtenna are analysed based on its S-parameter response and radiation patterns. The simulation results shows that the filtenna has operates at 2.6 GHz and 5.2 GHz, which is mostly suitable for WiMAX application.
INTRODUCTION
In recent years, the challenges in developing the modern wireless communication have led to the design of communication devices with the characteristics of compact size, low cost and easy to be fabricated [1] . Filter and antenna are the most important components in transmission and receiving signal in wireless communication system. Recently, the combination of a filter and antenna is call as filtenna have been paid more attention. The purpose of combining both in one structure is to have a compact size and to reduce the transmission line losses.
Thus, filters are one of the most significant components that have a major role in transmitting and receiving systems. Filters are one of the major components that have a quality to select the frequency required [1] [2] . The demand for wideband wireless communication has been increasing rapidly. This is due to the need to support more users and to provide more information with a higher data rate [3] .
The applications of WiMAX (Worldwide Interoperability for Microwave Access) are very popular with lots of advantages, to provide communication services at anytime and anywhere for the users. The coverage of WiMAX is up to 50 km radius and the allocated bands for this application are: Low band (2.5-2.69 GHz), Middle band (3.2-3.8 GHz) and Upper band . [4] . In the recent years to design a multiband antenna has become an important issue in wireless area. Antenna is a type of transducer which is used to convert electrical energy into RF energy. Antenna is a basic device for any communication setup. Now multiband antenna is the second important issue for designing any antenna. In simple terms a multiband antenna is a device which can operate multiple frequencies. [5] Generally, metamaterials are some sort of artificial structures which will exhibit unusual electromagnetic properties. The history of metamaterials started in the year of 1968 where it was introduced by a man named V. G. Veselago. This artificial structure can exhibit negative permittivity, negative permeability and a negative refractive index that could not be found in nature. Complimentary Split Ring Resonator (CSRR) as resonant elements that can also generate negative permittivity. [6] There are many advantages of using CSRR, such` as compact in size, low cost and low radiation loss. [9] All of these features are very useful especially for the wireless communication system. [10] .
In this paper, the design of dual-band metamaterial filtenna is proposed. Dual-band metamaterial filtenna is basically, a combination of a metamaterial band-stop filter and a wideband antenna. A wideband antenna is filtered by using a metamaterial band-stop filter. As known, the bandstop filter will reject the frequency at the particular frequency that has been set. The band-stop filter is set to operate at the frequency of 4.65 GHz. The CSRR is implemented at the ground plane of the wideband antenna. The optimized design of the filtenna will operate at 2.6 GHz and 5.2 GHz.
FILTENNA DESIGN
The followings section explain the design specifications of the metamaterial band-stop filter, the wideband antenna and the dual-band metamaterial filtenna. All of the designs are constructed on a FR4 substrate with the relative permittivity of 4.3 and thickness of 1.6 mm.
Metamaterial Band-stop Filter
The design of metamaterial band-stop filter has been inspired from [2] but the design of the filter has been changed and altered in order to make it as a band-stop filter. Figure 1 shows the design of a unit cell of the metamaterial band-stop filter. The design specification of the above unit cell of the metamaterial band-stop filter is shown in Table 1 . In order to improve the band-stop filter performances, three-unit cell has been implemented as shown in Figure 2 . 
Wideband Antenna
The design of wideband antenna has been inspired from [11] as shown in Figure 3 but the design of the antenna has been altered to achieve the optimization for this project. The wideband antenna is operate at multiband frequency from 2 GHz to 7 GHz. The design specification of the above wideband antenna design is shown in the Table 2 . 
Dual-band Metamaterial Filtenna
The design of dual-band metamaterial filtenna is basically the combination of the metamaterial band-stop filter and the wideband antenna as shown in Figure 4 . One of the advantages of having both designs in one structure is compact size. The design specification of the above dual-band metamaterial filtenna design is shown in Table 3 . The overall size of the filtenna is same with the wideband antenna although it combine with band-stop filter. 
SIMULATION RESULTS AND DISCUSSION
All the designed is simulated using the CST Studio software and the simulation the results are shown in the following section. Figure 5 . S11 and S21 parameters of a unit cell of the metamaterial band-stop filter Figure 5 depicts the S-parameters output response of a unit cell of the metamaterial band-stop filter. It shows that the metamaterial band-stop filter operates at 4.65 GHz. Furthermore, it also shows that the return loss, S11 of the filter is -1.7 dB and the insertion loss, S21 of the filter is -15.72 dB. The bandwidth for this filter is 13.76%. Figure 5 . S11 and S21 parameters of three-unit cell of the metamaterial band-stop filter Figure 6 shows the S-parameter response of three-unit cell of the metamaterial band-stop filter. It can be seen that the band-stop filter operates well at 4.65 GHz. It is noticed that the performance of the band-stop filter has been improved compared to the previous performance of the single unit cell. The insertion loss of the filter is obtained as -39 dB and the 3 dB filter bandwidth is calculated as 22.58%. Therefore, the objective of designing a metamaterial band-stop filter that operates at the frequency of 4 GHz has been achieved. The signal is being filtered by the filter at the operating frequency which means that there is no signal being transmitted. Figure 6 . S11 parameter of the wideband antenna and metamaterial filtenna Figure 7 shows the S-parameter response of the wideband antenna. From the output response, it shows that the range of frequency that is below -10 dB return loss is from 1 GHz to 7 GHz. Therefore, based on the operating frequencies of the antenna, the antenna can be considered as a wideband antenna. Besides that, figure 7 shows the Sparameter response of the dual-band metamaterial filtenna. S11---Metamaterial filtena S11-wideband antenna From the output response, it shows that the filtenna operates at the operating frequency of 2.6 GHz and 5.2 GHz with the bandwidth 2.4 GHz and 0.2 GHz respectively. Other than that, at the range of frequency of 4.4-5.1 GHz, the signal is being filtered by the filtenna and the signal is not transmitted at this frequency. Therefore, the filtenna operates at dual-band of frequency. Furthermore, from the operating frequencies of the filtenna, it shows that the filtenna can cover the range of frequency for WiMAX application. Figure 8 shows the radiation pattern of the dual-band metamaterial filtenna at frequency 3.6 GHz with the gain is 3.46 dBi. While, in Figure 9 shows the radiation pattern of the dual-band metamaterial filtenna at frequency 5.2 GHz with the gain is 0.351 dBi.
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CONCLUSION
As a conclusion, the dual-band metamaterial filtenna has been designed by combining the metamaterial band-stop filter and the wideband antenna in one structure. By combining both of the components in one structure, the size of the communication devices can be design more compact and it also can reduce some amount of transmission losses. In addition, the filtenna design has achieved the specification target of this project. The filtenna operates at dual-band frequency of 2.6 GHz and 5.2 GHz. Based on the operating frequencies, it can be used for WiMAX wireless application.
